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APPARATUS FOR SLITTING, MERGING, AND CUTTING 
A CONTINUOUS PAPERWEB 

Field of the Invention 

5 The present invention relates generally to an apparatus for slitting a 

paperweb into at least two side-by-side web segments or ribbons, merging these 
paperweb ribbons one on top of the other, and cutting the merged webs in 
accurately indexed relationship with respect to one another for later sequentially 
collating the pages. More particularly, the present invention permits handling a 
10 "pinless" continuous paperweb, that is a web without tractor drive perforations 
along the marginal edg^ of the web such as have been relied upon for such 
slitting, merging, and cutting operations in the past. 

Background of the Invention 

1 5 Present day print shops utilize laser printers to print the pages of a book or 

job on a continuous paperweb that is typically wider than needed for the printed 
pages. Printers are generally set up to print successive pages in side-by-side 
relationship on the relatively wide paperweb. The web is then slit into at least two 
side-by-side web ribbons that ideally are then collectively crosscut after the web 

20 segments or ribbons are arranged in registry one above the other. However, 

accurate registration or merger of the side-by-side web ribbons has been facilitated 
heretofore by the tractor fed perforated paperweb. More particularly, by feeding 
the slit web segments with the tractor drive engaging only one marginal side of 


the web segments, those segments were successfully merged and fed into a rotary 
cutter so the pages can be simultaneously cross-cut from the web ribbons- 
Present day laser print shops utilize the pinless (non-tractor) paper roll now 
available and no longer require the perforated paperweb used with such tractor 
5 drives. There is a corresponding need for a pinless paper merger system for 
accurately indexing the web ribbons one on top of another in order that a rotary 
cutter can sever the web ribbons such that the printed matter is presented on 
individual successive pages. 

10 Summary of the Invention 

i^- In accordance with the present invention^ a paper web handling 

C} apparatus is provided wherein a paper web is continuously fed in a downstream 
^1 direction from a utilization device, the downstream direction determined by the 

" i movement of the paperweb through the apparatus. The apparatus comprises a 

r i 15 sUtter downstream of the utilization device that divides the web into at least a first 

and a second web ribbon so that the web ribbons are in side by side relation. A 
g| cutter is also provided downstream of the slitter that is capable of transversely 

^ cutting the web ribbons, transverse being at a substantial angle (substantial being 

1* >45°) relative to the downstream direction of the web. Preferably, the transverse 

^|"| 20 angle is perpendicular to the downstream direction of the web. The apparatus 
further comprises a driven master roller that draws either the first or the second 
web ribbon at a speed related to that of the utilization device, and this driven 
master roller is adjacent to the cutter. The apparatus also comprises at least one 
slave roller that draws the other of the first or the second web ribbon at a speed at 
25 least equal to that of the driven master roller. The slave roller is also adjacent to 
the cutter. Finally, the apparatus comprises a first turnbar assembly between the 
slitter and the cutter for shifting the second web ribbon laterally relative to the 
downstream direction. This orients the second web ribbon in vertical alignment 
with the first web ribbon, one on top of the other, so both web ribbons move 
30 through the cutler simultaneously. 
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Brief Description of the Drawings 
Figure 1 is a perspective view of the invention illustrating a paperweb being 
slit, merged, and crosscut in a two-up process. 

Figure 2 is a perspective view of the first alternative embodiment that 
5 requires less vertical space than Figure 1. 

Figures is a perspective view of a second alternative embodiment that slits 
the web into three ribbons, then merges and crosscuts them in a three up process. 

Figure 4 is a perspective view of the second turnbar roller of Figure 3 in 
isolation, incorporating perforations and a supply means for pressurized gas. 

10 

Detailed Description 

5 Turning now to the drawings in greater detail. Figure 1 shows the preferred 

pj embodiment of a web slitting and merging apparatus 10 of the present invention 

S operating on a paperweb 12 of the pinless variety (pinless meaning no perforations 

11 1 5 in the marginal edges). While the term paperweb 12 is used herein, it will be 
t) appreciated that this invention is not limited to paper but may operate on foil, 

%\ fabric, plastic sheeting, or any other such flexible continuous roll or sheet of 

-'i material. The paperweb 12 travels from the right of Figure 1 to the left, moving 

L! from an upstream utilization device such as a laser printer to the apparatus 10 of 

S 20 the present invention. The paperweb 12 enters the apparatus 10 having printed 
' material on one or both of its faces, such as in the areas indicated at "A", "K{', 

"A3" and "A4" etc. In a common application, the sections "A", "A^', "A3" and 
" A4" etc. comprise the pages of a book or job when the paperweb 12 is ultimately 
slit and cut, all in accordance with conventional practice for paperwebs of the 
25 variety having tractor drive holes in their marginal edges. 

A tension-free loop (not shown) is generally provided between the 
upshream laser printer and the apparatiis 10 of Figure 1. The reader is referred to 
U.S. Patent No. 5,505,401 for a detailed explanation of how a tension free loop, 
between a braked/drag roller and a laser printer can be held to a constant droop 
30 or depth so as to match the speed of the laser printer to a downstream/ output 

device (which in the '401 patent happens to be a rewind machine). Co-owned U.S. 
Pat. No. 5,505,401 is hereby incorporated by reference. In the present disclosure, 
the apparatus 10 of Figure 1 replaces the rewind machine of the '401 patent to 
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match the speed of operation of one web processing apparatus to the laser printer 
(or any such web utilization device). An electromagnetically operated brake is 
provided on a drag roller 14 so as to create tension between the upstream 
utilization device and the apparatus 10 to be described. The paperweb 12 
5 subsequently travels across a setup roller 16 for proper orientation of the web. The 
drag roller 14 is preferable to ensure proper tensioning of the web 12 as it enters 
the apparatus 10. 

The paperweb 12 is cut lengthwise as it travels across a slitter. The 
particular slitter iHustrated comprises a rotary upper blade 18 provided above the 
1 0 plane of the web 12 that cooperates with a slightly offset scissor blade 20 in 

accordance with conventional practice. Any of the various slitters known in the 
q art may be substituted herein without departing from the inventive aspects of this 
pl disclosure. 

rj Yhe slitter provides two side-by-side web ribbons illustrated as a first web 

g| 1 5 ribbon 24 defining a slit edge 26, and a second web ribbon 28 defining a lateral 
■4^ edge 30. While two equal width web ribbons are shown, it will be appreciated that 

U more slitters may be employed to divide a web into numerous ribbons that need 

t-i not be of equal width. The web ribbons 24 and 28 pass under a splitting roller 22, 

„ ! after which their courses diverge. The pages labeled Ai and A3 remain on the first 

=i 20 web ribbon 24, and the pages labeled A2 and A4 remain on the second web ribbon 

rsj 

28. 

The second web ribbon 28 wraps around a large diameter turnbar roller 32 
that is canted at an angle a relative to the general downstream direction of the 
paperweb. The turnbar roller 32 causes the second web ribbon 28 to shift laterally 

25 and come into registered relationship under the first web ribbon 24. The extent of 
this lateral shift is a function of the angle a and the diameter of the turnbar roller 
32. These parameters are set so the lateral edge 30 of the second web ribbon 28 
moves into vertically aligiunent with the slit edge 26 of the first web ribbon 24. 
The angle a may be adjustable to vary the lateral shift depending upon the print 

30 job. The preferred embodiment employs a turnbar that is mounted so as to enable 
the angle a to be adjustable with respect to the downstream direction of web 
travel, to accommodate print jobs that entail side by side web ribbons of differing 
width. Where web ribbons define different widths, a simple adjustment of the 
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angle a or the circumference of the tumbar roller 32 will result in alignment of the 
opposite edges of the web ribbons 24, 28 if so desired. When more than two web 
ribbons are cut, a tumbar roller 32 will be employed for each of the web ribbons 
excepting one. This is the second alternative embodiment shown in Figure 3 and 
5 explained below. 

An adjustable upper take-up roller 34 is provided to detour the first web 
ribbon 24 a length corresponding to the circumferential wrap about the turnbar 
roller 32 mentioned previously. The upper take-up roller 34 is preferably 
adjustable to extend or contract the linear path of the first web ribbon 24 so as to 
1 0 match various sizes of tumbar rollers 32 or other variances in the path of web 
travel for the second, web ribbon 28. This ensures the web ribbons 24, 28 are in 
P registered relationship with each other even without indexing their forward travel 

£| via marginal perforations, as used in prior art slitting and merging apparatus. Of 
^ course, the present invention works equally well where the web does include such 

' j 1 5 marginal perforations, but they are unnecessary to ensure proper registry. 
41 As a result of the canted turnbar roller 32 and its handling of the second 

web ribbon 28 coupled with the detour imposed on the first web ribbon 24 by the 
~ I adjustable upper take-up roller 34, the web ribbons 24 and 28 are provided in 

C registered relation one above the other. These vertically aligned web ribbons are 
20 then collectively cut transversely, or crosscut, at appropriate locations to provide 

ill 

the pages of the book or job. 

The length of the pages to be crosscut taken in combination with the speed 
of the paperweb 12 and web ribbons 24 and 28 dictates the rotational speed of a 
rotary cutter 36. Preferably a servo motor drives the rotary cutter 36, which cuts 

25 the web ribbons 24 and 28 fa-ansversely by means of a blade 38 mounted thereon in 
cooperation with a fixed blade (not shown) located below the web ribbons 24, 28. 
This transverse cut separates, for example, page Aj from page A3 on the first web 
ribbon 24, and page A2 from page A4 on the second web ribbon 28. In this manner, 
the pages are crosscut and stacked in their desired consecutive order. The present 

30 invention thereby provides an improved method of handling continuously fed 

paperweb, particularly paperweb of the pinless variety, which does not afford the 
luxury of being handled by tractor drive arrangements typical of prior art web 

machinery. 


A DC motor preferably drives the driven master roller 40. Backup wheels 44 are 
provided for maintaining contact between the driven master roller 40 and the 
second web ribbon 28 so that no slippage occurs between them. 

A timing belt 42 driven by the master roller 40 causes rotation of a slave or 
5 slipping roller 46 that loosely engages the underside of the first web ribbon 24. 

ThLe slave roller 46 drives the first web ribbon 24 at a speed equal to or greater than 
that of the driven master roller 40. This speed variance is enabled by differing the 
circumference of the two rollers, by gearing through which the timing belt 42 is 
attached, or any other means known in the art. The slave roller 46 also has 
1 0 associated backup wheels 44 as shown in Figure 1, which are spaced to allow 

slippage between the slave roller 46 and the first web or ribbon 24. Thus, the first 
Q web ribbon 24 is continuously drawn in the downstream direction by the slipping 

C» roller 46 so as to avoid any relative movement between the first and second web 
\| ribbons 24 and 28 at the rotary cutter 36. An alignment roller 48 may be provided 

}f{ 1 5 to ensure the first web ribbon 24 maintains sufficient contact with the slave roller 
ii 46, regardless of the position of the upper take-up roller 34. The blade 38 on the 

^1 rotary cutter 36 moves clockwise as shown in Figure 1, and its speed is timed to 

W that of the driven master roller 40 and the moving web ribbons 24 and 28 to assure 

^ appropriate page length as mentioned previously. The master roller 40 is driven 

B 20 against its backup wheels 44 creating tension in tine second web ribbon 28. No 
slippage should occur between the second web ribbon 28 and the master driven 
roller 40. 

The second web ribbon 28 need not wrap 360° about the turnbar roller 32. 
Imposed friction may be diminished by wrapping the web ribbon somewhat less 

25 than completely about the turnbar roller 32 and employing a standard turnbar to 
realign the web with its proper path at the proper angle. This embodiment 
requires the ribbon 28 wrap more than 180° about the turnbar roller 32 to account 
for the large diameter of the roller 32. Less of a wrap would require two or more 
standard tumbais to realign the second web ribbon 28 with the first web ribbon 24, 

30 defeating the purpose and simplicity of a large diameter roUer to provide for the 
lateral shift. 

A first alternative embodiment is presented in Figure 2, wherein each 
feature is the same as that of the preferred embodiment of Figure 1 excepting the 


mechanism by which the first web ribbon is detoured. Using the convention that 
like components of this alternative embodiment are numbered 100 greater than 
like components of the preferred embodiment, the second web ribbon 128 passes 
about the tumbar roller 132 and the master roller 140 substantially as described in 
5 Figure 1. This alternative embodiment is designed to minimize the vertical extent 
of the entire apparatus 110. The first web ribbon 124 passes under a lower take-up 
roller 160 and about the upper take-up roller 134 before proceeding toward the 
slave roller 146. : The lower take-up roller 160 is added in this alternative 
embodiment so that the upper take-up roller 134 may remain either fixed, or 
10 adjustable only in the horizontal plane. As previously explained, the diameter of 
the tumbar roller 132 (or the number of times a web ribbon wraps about that 
7^) tumbar) determines the additioiial distance to be imposed on the first web ribbon 

s! 124 path of travel. The embodiment of Figure 2 allows this distance to be 

' I accomodated by moving the upper 134 and lower 160 take-up rollers further apart 

1 5 without the need for additional vertical space as in the preferred embodiment. 

The distance of travel for the first web ribbon 124 may be increased by moving the 
'=^^1 lower take-up roller 160 toward the rotary cutter 136, by moving the upper take- 

up roller 134 further from the rotary cutter 136, or both. A spring (not shown) is 
provided to bias the lower 160 and/or upper 134 take-up rollers apart and is 
! 20 resisted by tension in the first web ribbon 124. This bias maintains a relatively 
' ^ constant tension in the web over various distances between the take-up rollers, 

since the difference between the nearest and farthest practical positions for the 
rollers does not vary greatly. In any instance, care must be taken that there is 
sufficient space between various sections of the web ribbons so they do not contact 
25 themselves or each other, which would greatly increase the risk of tears and 

misalignment. Due to the more vertically restrained extent of the upper take-up 
roller 134, an alignment roller (48 in Figure 1) is generally unnecessary in this first 
alternative embodiment. The limited height of the upper take-up roller 134 
ensures the first web ribbon 128 remains sufficiently aligned to properly contact 
30 the slave roller 146. 

The previous two embodiments are largely limited to two-up processing, 
where successive pages are printed in lateral pairs that are slit and stacked two at 
a time. Modifying either of the previous two embodiments with additional slitters 


and tumbar rollers enables the present invention to perform three-up or four or 
more-up processing. This is where three or more pages are printed on the web in 
side-by-side fashion which are then slit, crosscut and stacked so that each page 
previously side-by-side is now consecutive one on top of the other, as in the pages 
5 of a book. A second alternative embodiment depicting three-up processing is 
shown in Figure 3. Modifications for more than three side-by-side pages flow 
logically from this second alternative embodiment by the addition of more slitters 
and tumbar rollers. 

Three-up processing is similar to two-up processing described in Figures 1 
10 and 2 with several additional components. As before, like components of this 

second alternative embodiment are ntimbered 200 greater than like components of 
3 the preferred embodiment and 100 greater than the alternative embodiment. The 

PI web is slit by two rotary upper blades 218 and their corresponding offset scissor 

S blades (not shown) into a first web ribbon 224, a second web ribbon 228, and a 

1 5 third web ribbon 264. The first web ribbon 224 follows the path described above 
' for the first alternative embodiment of Figure 2. The second web ribbon 228 

) follows a path described above for either of the embodiments of Figures 1 or 2, 

with an additional detour along a path between a midway upper take-up roller 
266 and a midway lower take-up roller 268. In this second alternative 
* 20 embodiment, the lower take-up roHer 260 is fbced and tiie upper take-up roller 234 
^ is moveable, so that the length of faravel for the first web ribbon 224 is determined 

by the position of the upper takeup roller 234. The midway lower take-up roller 
268 is fixed as movement thereof will not appreciably change the length of travel 
for the second web ribbon 228. That length is changeable by the vertical 
25 adjustment of the midway upper take-up roller 266. 

Unlike previous embodiments, two web ribbons 224 and 228 pass between 
the slave roller 246 and its associated backup wheels 244. This second alternative 
embodiment preferably employs driven backup wheels 244 associated with the 
slave roller 246 to reduce slippage between the first web ribbon 224 and the second 
30 web ribbon 228^ Otherwise, the first web ribbon 224 would be drawn toward the 
rotary cutter 236 merely by friction with the second web ribbon 228 against the 
backup wheels 244. While this latter arrangement is possible and works 
sufficientiy when the backup wheels are taut against the web ribbon and the web 
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speed is limited, employing driven backup wheels as an additional slave roller 
more positively controls the flow of each web ribbon. Employiiig a single driven 
roller (or equivalent) to draw in more than two web ribbons is not sufficiently 
reliable to maintain registered relation between the pages to be crosscut. While 
5 nip wheels or backup wheels 244 are shown, any driven body that transfers at 
least some of its own rotational motion into linear motion of the web ribbon is an 
equivalent to a slave roller. Thus, rollers, wheels, rotating brushes, and the like are 
equivalents to the backup wheels 244 for the above function, and so long as they 
are driven, they are equivalent to the slave roller 246. 
10 The third web ribbon 264 passes under the splitting roUer 222, the midway 

lower take-up roller 268, and the lower take-up roller 260. The third web ribbon 
Q 264 then passes over the tumbar roller 232 but not about it, and passes two times 

i! about a second hirnbar roller 270. The second himbar roller 270 preferably 

SI includes perforations on its arcuate surface through which pressurized gas may 

j| 15 escape, described more fully below in association with Hgure 4. For simplicity, 
M the angle apreviously described is adjusted to be the same for both the turnbar 

r| roUer 232 and the second turnbar roller 270 whenever possible. Whereas the 

W second web ribbon 228 wraps once about the tumbar roller 232, the third web 

U ribbon 264 wraps twice about the second tumbar roUer 270 to achieve the greater 

P 20 lateral shift as depicted. The diameter of the tumbar rollers, the mmiber of times 
(or number of degrees about a tumbar's surface) that a web wraps about a tumbar 
roller and the angle a may each be adjusted for either or both of the first or second 
tumbar rollers to bring the web ribbons into aligned and registered relation. The 
720° wrap of the third web ribbon 264 about the second turnbar roller 270 does 
25 impose appreciably more friction than the 360° wrap of the second web ribbon 
228. 

The three-up arrangement as depicted in Figure 3 will process sheets so that 
they are stacked in the same order they are printed side-by-side on the web, that 
is, a page from ribbon 224 on top of a page from ribbon 228 on top of a page from 
30 ribbon 264. This is the t)^ical printing method. However, the order of these 

stacked pages can be changed merely by threading the ribboiis differently through 
the apparatus. For example, in the embodiment of Figure 3, the position of the 
turnbar roller 232 and the second tumbar roller 270 can be interchanged so that the 
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tumbar roller 232 is more downstream. This will result in the second web ribbon 
228 passing over the second tumbar roller 270 prior to its single wrap about the 
tumbar roller 232 and being drawn toward the rotary cutter 236 by the master 
driven roller 240 (instead of the slave roller 246). The third web ribbon 264 will 
5 pass twice about the second turnbar roller 270 and subsequently pass over the 
turnbar roller 232. The third web ribbon 264 will then come into alignment with 
the first web ribbon 224 vertically between the first 224 and the second 228 ribbon, 
rather than below both as depicted in Figure 3. The third web ribbon 264 is drawn 
in by the slave roller 246 instead of the master driven roller 240. The resulting cut 
1 0 pages are arranged first web ribbon-third web ribbon-second web ribbon as read 
top to bottom, as opposed to the arrangement of Figure 3 which yields first web 
|j| ribbon-second web ribbon-third web ribbon. Thus any ribbon may be threaded so 

Q that its resulting pages fall in any position relative to the other pages, so long as 

sj the first web ribbon 224 remains on the top of a sequential stack of pages and the 
|j 15 se(][uence retains one page from each ribbon before repeating. 
Ij It can be appreciated that a fourth web ribbon may be processed by the 

addition of another slitter and tumbar assembly imposing a path similar to that of 
Ci the second web ribbon 228 of Figure 3. Assuming this fourth web ribbon is located 

^ outboard of the third web ribbon 264 of Figure 3, it would pass as the third web 

CI 20 ribbon 264 is depicted in Figure 3 excepting it would pass over but not about the 

second tumbar roller 270, and instead pass three times about a third tumbar roller. 
The path of the third web ribbon 264, as depicted in Figure 3 but with an adjacent 
outboard fourth web ribbon, would pass about one or more takeup rollers to 
accoxmt for the increased path distance. Each ribbon will preferably have contact 
25 with a driven roller, wheels or the like to draw it toward the rotary cutter 236, or at 
least no more than two web ribbons will be drawn toward the cutter by a single 
driven roller. Further ribbons may be added by repeating the iteration 
progressing from Figures 2 to 3 to this paragraph, adding more slitters, take-up 
rollers, tumbar rollers, and driven means to draw the new ribbon toward the 
30 rotary cutter. 

Figure 4 shows the second turnbar roller 270 in isolation wherein the 
second tumbar roller 270 is provided with perforations 250 through its cylindrical 
walls and an air hose 252 that provides pressurized air to its interior. A web 


ribbon wrapped more than 360° about a turnbar, such as the third web ribbon 264 
about the second turnbar roller 270 of Figure 3, tends to induce significant friction. 
The embodiment of Figure 3 preferably includes a second turnbar roller 270 with 
perforations along its arcuate surface 272 and an air system that countervails such 
5 friction. The second turnbar roller 270 is mounted via a shaft 254 along its 

longitudinal axis, though the second turnbar roller 270 does not rotate. Over each 
end of the second turnbar roller 270 is a form-fitting cap 256. At least one cap 256 
has one or more openings through which protrude the shaft 254 and an air hose 
fitting 258 for easy cormection of a conventional air hose 252 or tube. The 
10 corresponding cap 256 at the opposite end of the second turnbar roller 270 (not 
shown) need not incorporate this air hose fitting 258. The air hose 252 provides 
pressurized air into an interior cavity of the second turnbar roller 270, which 
9 passes out through the perforations 250. A web ribbon (not shown) wrapped 

around such a pressurized second turnbar roller 270 will 'ride' on this cushion of 
r;! 1 5 air and pass about the second turnbar roller 270 with significantly less friction than 
Ji otherwise. While a pressurized turnbar arrangement as in Figure 4 may reduce 

friction in both the preferred and first alternative embodiments, it has proven 
m imnecessary for the best mode in those embodiments. The advantages of such a 

^ pressurized turnbar are more acute where a web ribbon wraps more than once, or 

Q 20 more than 360°, about a turnbar. 

When space limitations are a factor, tiie arrangements of Figures 1-3 above 
may be inverted wherein the turnbar roller is located (or are located) above rather 
than below the horizontal plane of the slitter, and the take-up roller is located 
below that level. Combinations may also be employed, wherein some web ribbons 
25 travel about a turnbar roller above and some web ribbons travel about a turnbar 
roller below the horizontal plane of the slitter, and web ribbons are brought into 
alignment from both above and below that plane. 

One further advantage of the present invention is that paper may be fed 
and crosscut without necessarily being slit or merged. When larger pages are 
30 desired, the slitter may be retracted and a single, wide swath of paper will pass 
through to the rotary cutter. Alternatively, the slitter may be retained and the 
ribbons may not be merged so as to yield side-by-side stacks of pages, such as 
where consecutive pages of a print job are not printed in side by side relation but 


11 


one after another within the same ribbon of the web. This bypassable 
characteristic is particularly valuable to smaller print shops whose equipment 
must be made to serve multiple purposes, and is a feature largely absent from 
many of the devices currently available to slit and merge paperweb. 

Modifications and variations of the above described embodiment will be 
apparent to those skilled in the art consistent with the teaching of this disclosure. 
The scope of the following claims encompasses such modifications and variations 
in accordance with the Doctrine of Equivalents. 
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